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Specification 



1 Title of the Invention: A Method of Cold Compression for Removing Residual Stress 
z Claims 

fnrinl^ of h^J?» COn ? P w eS , Si0n f0f rem0Ving residual stress wherein in case that a free- 
forged .tern of heat-treated aluminum alloy is cold-compressed between the upper and lower dies 
of a press so as to plastically deform it in order to remove residual stress from the fo?ged tern a 
lubncant « placed between the forged item and thedies. and then ^001^^^^ 

3 Detailed Description Of The Invention 
(Industrial Field of Use) 

fre Jfor^rTS 3 m6th0Cl ° f rem0ving residual stress from heat-treated aluminum alloy 

free-forged items by cold, compression plastic deformation 

(Prior Art) 

Free-forged aluminum alloy products are used after they have been heat-treated by such 
processes as solution-treatment or tempering. Therefore, there is a dangerthafresidual stress will 

sTn a r. 0 L f0 Er dl,Ct - ' ater maChinin9 Wi " MUse dimensional vanSn Se S 
strength loss, stress corrosion cracking, and the like 

Therefore, conventionally, heat-treated aluminum alloy free-forged products are cold 
resTdSSss P,aStlCa " y def0m,ed fr0m 1 ~ 5% b6tWeen an U *> er and lower Remove the 
(Problems To Be Solved By The Invention) 

Due to the increased size of modern presses, and the development of alloys 7050 aluminum 
alloys being representative, that have little susceptibility to tempering, it has become poS e to 
orge thick items, in one piece. However, there is a problem in that when remov^g^resWual stress 
from a large forged item using press dies to plastically deform the item with™ld ^ compress io^ Z 
owenng of the strength in the central region of the material is significant. The invSto^peXmed 
the followmg expenments to check the affects of cold-compression plastic defection on ^strength. 

ihf SnS aneSe nameS ' *" many readin8S - A ' th0Ugh thCSe " " COrreCt "' they ™* not be 



hiJ2 fifon a "° y ,' n90t Was forgedl as shown in F '9 S 3 - 4 . '"to a rectangular solid 

block ( (t=190mm w=230mm, l=30mm). Next the block 1 was solution-treated at 477C for 6 5h and 

L^Sni e H d K T J! n a \?7 nl f F i 9 5 * the upper surface 2 and lhe low ^ surface 3 olfte btol 1 
~£Zi£^$» 4 ^ b0tt0m d ' e 5 ° f 3 *"> and ^compression plaltfo 
Here the thickness t of the block 1 was deformed by 1% 3% and 5% Th^n tho H*f rt ,™*fu« 
cental region of the side of the block that was ^^TJt^^ST 
deformans are respectively indicated for -0-: 1% deformation. ~-A~- 3% " -X-J 5% 
After cold-compression, it was aged at 120C for 24hr.-177C for 6hr ' " 

T^iKtCl?* '/I'TIJ by 5 6 d0tt ! d " nes in Fig 4 ' was extracted from Processed block 1 
♦lJ S f ? k9f/ T 2) ' praof stress k9f/mm2 >- and el °nga«on (6%)were measured at 

surface 2: l5mm - 45mm - 7smm - iioL - 145= " d 

d fl« 

SSfSi and * ncreas h ed h ,5» cen * a ' ^gion of the thickness. Also, there was "ess deformation 
at the bottom surface 3 than at the top surface 2. This is because due to the friction between the 

SLfa J a «o d n ^ d ' eS ' 34 th f. l °f: and b0tt ° m SUrfaces 2 and 3 that «««■* the S jt is St for 
J!?h?K k-° "1 3 d u rectl0n P er P endic "lar to the compression, creating a section 7 ind ited 
by toe hatching in Fig 5, where it is difficult for deformation to occur, n particular, because thT 

2£Z£Al f*T*' * iS m °? diffiCUlt forthe bottom 8urface of to deformfn 7 

direction radial from the compression than for the top surface 

the h^l?i 2 fh^-J enS J ,e Str ?2 9th °" S and proof stfess °y- are lower toward the central region of 
the block 1 than a its edges. The primary cause of this is that when the block 1 is tempered the 

^„nth e HT nn9 ,^ ? 0 , Wer ^ the ""I* re9ion of the block than a * the edges SEs ng a 
strength differential. The second cause is that as stated above, the degree of defoliation i toward 
he center n greater than at the top and bottom edges that are in contact with theTess dieS and 
ZlTrl Zmh 9r f era ™unt of dislocation precipitation, causing a reduSon^ 

fr ^ aforemen .oned experiments, it was determined that in the case that after 

fr tr f0r9ed 3 7?^ a,l0y is plastical| y deformed fa V cold-compression to remove 
residual stress, the amount of deformation at the top and bottom surfaces that contact the Tress 

SSilS?-*? *? d6f r a f? inSide the ma torial and that this different cautes a large' 
differentia in the strength distribution in the direction of the thickness of the forged item 

iS^ZZStfV '^""'f ? 3StiC deformation * *• top and bottom surfaces of the forged 
item, there is insufficient residual stress reduction. '"<ycu 

The object of the invention is to provide a method of cold compression in order to remove 
^'f^f 688 ' W w 6rein ^ deformation differential between the forged item at the LSs that 

fo SSfK t S H and / tS ? ntra ' re ? i0n iS redUcedl thus causin9 a unifo ™ strength Stribu ion 
strengS 9 ' ^ reSidUa ' StreSS ' which makes for an iter " ^ving superior 

(Means To Solve The Problems) 

The technical means taken to solve these problems, are characterized such that in the case that 
a free-forged item of heat-treated aluminum alloy is cold-compressed between the upper and lower 
dies of a press so as to plastically deform it in order to removJ residual stress from "he forged K 

irtES" P " f0r9ed it6m and th6 di6S ' and then the ^'^retSis ' 

(Operation) 

^rt^Sf 66 " th f f °S ed item and 4,16 dies reduces toe friction between the forged item 
Jlt^f the " se , of f° ld com P ress ion- This in turn reduces the force that prevents 
deformahon perpendicular to compression in the region where the item contacts the dies and 

fo?ge??tem. ^ *" deformation between the and centra. regioJ !'<? the 

(Embodiments) 

Under the same conditions mentioned above, a heat-treated 7050 aluminum alloy block 1 was 
cold compression between an upper die 4 and a lower die 5, plastically deforming °by 3% In mis 

£2£ a .H nCant ' 3 Tefl0n Sh66t W3S Placed between the block 1 a " d the press dies and 
thereafter cold-compression was used to plastically deform in order to remove residual stress Fig 
1 . (--- A--) ind.cates, as before, the deformation state of the edge of block 1 toward its cental 



2 The figure mentions an oil lubricant 



sXgVSs S/mmT 8 ' 38 b6f ° re ' ^ ° f m6aSUring pro0f stress (oy k 9 f/mm2 > and < e "*»e 

In the case above in which an aluminum alloy block is plastically deformed by 3% using cold- 
cornpress.on when a lubricant was placed between it and the press dies, the differential in 
deformation between the surface of the block and its central region was reduced when compared 
o the case .n which a lubncant was not placed between. This is because due to the lubricTnt Se 

S, 0 ^ 6 ^ "? f eS 3 , nd bl0ck surfaces 2 - 3 that is 9 enera * ed during compressions 

rt th6 , d6f0rm c ,0 o ° f u the Surfaces ,n a direction Perpendicular to the compression is not 
restncted. Therefore, as Fig 2 shows, strength too becomes uniform through the thickness of he 

hquid lubricants such as colloidal graphite oil or a graphite powder oil solution may als ^e used 
Table shows the strength differences between the surface^ region of the aluminu* ^alloy btock and 
.ts central region in the case of using these lubricants and performing the same S compression 
as above, along side data for the case in which no lubricant is used compression 



Amount of 
deformatlo 
n 

0 


Lubricant 


Surface 


region 


Central region 


Strength 
differences 


Residual 
stress 


OS 

kgf/mm 
2 

58.3 


oy 

kgf/mm 
2 

55.4 


OS 

kgf/mm 
2 

55.8 


oy 

kgf/mm 
2 

52.7 


OS 

kgf/mm 
2 

2.5 


oy 

kgf/mm 
2 

2.7 


(kgf/mm 
2) 

11.8 


3% 
3% 


None 

Teflon 

sheeting 


57.7 
56.4 


53.9 
51.3 


52.4 
54.6 


47.1 
48.5 


5.3 
1.8 


6.8 
2.8 


3.0 
2.8 


Nylon 
sheeting 


56.8 


51.5 


53.8 


47.9 


3.0' 


3.6 


3.5 


Boron 
nitride 
powder 


56.3 


50.8 


53.8 


47.8 


2.5 


3.0 


3.3 


Molybdenu 
m disulfide 
powder 


56.5 


51.5 


54.2 


48.6 


2.3 


2.9 


2.7 


Colloidal 
graphite oil 
Graphite oil 


56.1 
56.9 


50.5 
50.8 


54.4 
55.1 


47.9 
48.1 


1.7 
1.8 


2.6 
2.7 


2.9 
2.6 



According to the data above, compared to the case in which no lubricant Is used in the case of 
any of the lubncan s the strength differential between the surface region and the centrah ^egfon was 
reduced, resulting in an item having superior strength 9 
(Benefits of the Invention) 

According to the invention, in the case that residual stress is removed from a free-forqed heat 

d!£SS fn ,U HT Um f '° y - a ' ub ; cantis P |aced ^een the forged item and the Ss Thus the 
different*! in deformation in the direction perpendicular to the thickness of the forged item is 
reduced, the strength distribution is uniform, and furthermore removal of residual stass S 
uniform— making it possible to obtain a product having superior strenqth 
. Brief Description of the Drawings 

the LtTl^nJT* Stal6S of alumi . num alloy blocks. Fig 2 shows strength and elongation for 
the llmt: Perspective views of the same. Fig 5 shows the compressed state of 
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